A new study shows how sublethal concentrations of malathion can indirectly hurt frog populations by altering the food chain in aquatic ecosystems.
Rhitu Chatterjee
When it comes to pesticides' effects on frogs, sublethal concentrations do not preclude lethality. That's the conclusion of a new study published in the October issue of the journal Ecological Applications. After dosing wood frogs and leopard frogs with very small concentrations of the popular pesticide malathion, the researchers discovered that the chemical did not kill the frogs directly-instead, they died from the indirect effects of the pesticide on tiny zooplankton and the entire food chain. With amphibian populations declining around the globe, and pesticides implicated as one of the many causes, this study suggests the need to further investigate the indirect effects of these chemicals on ecosystems.
Direct toxicological impacts on amphibian populations have been hard to decipher. Most toxicity tests study species in isolation from their ecosystems and look for lethal effects of pesticides on a single species. Regulatory agencies, like the U.S. EPA, rely on such studies to assess the risks posed by pesticides. However, these studies often use concentrations that are higher than those found in the environment. In addition, they use single-exposure scenarios, which are communities.
unrealistic because ecosystems are continuously exposed to these chemicals through rain and wind.
In an attempt to take a more realistic look at the problem, Rick Relyea and Nicole Diecks of the University of Pittsburgh created simulated pond ecosystems inside 300-gallon tanks. Inside these ponds were two kinds of floating organisms: phytoplankton and zooplankton. The phytoplankton are tiny algae that are eaten by the zooplankton (microscopic animals). The bottom-dwellers in the ponds were another type of algae, periphyton, which in turn are eaten by tadpoles. The authors used two frog species: wood frogs, whose tadpoles matured into adults in 5 weeks, and the slower-growing leopard frogs, which matured in about 9 weeks. Both species often inhabit ponds, which dry out by the time the tadpoles mature, leaving the frogs to hop off in search of food.
Relyea and Diecks added a commonly used insecticide, malathion, to the tanks. Malathion is used on farms and in residential areas to kill a wide variety of insects and by public-health programs to kill mosquitoes. The researchers added low, but environmentally relevant, concentrations (10−250 micrograms per liter [μg/L]) of the chemical. They added 50 and 250 μg/L once, either at the beginning of or midway through the experiment, and 10 μg/L once a week for 7 weeks. Although the concentrations did not kill the tadpoles directly, they killed most of the zooplankton. With fewer zooplankton to eat them, the phytoplankton bloomed and deprived the periphyton of much-needed sunlight. As a result, the periphyton numbers dropped, leaving the tadpoles with less food to eat.
The quicker-developing wood frogs remained unharmed by these changes, but the leopard frog tadpoles suffered. After 80 days, when all the water in the ponds had evaporated, nearly 40% of the leopard frog tadpoles had failed to mature into adult frogs, and thus had died in the dry ponds.
"This study doesn't demonstrate that pesticides can cause global amphibian declines," Relyea says. What it shows is how seemingly harmless levels of a widely used pesticide can kill organisms by affecting interactions within food chains, he adds. "This is one of the most original chemical . . . contamination papers," says Joseph Mendelson, an amphibian expert at the Atlanta Zoo. "It made me rethink the concept of sublethal exposure." The term sublethal is actually a "misnomer," he notes, because the exposure is ultimately lethal but in an "insidious fashion." Carlos Davidson, a researcher at San Francisco State University, agrees. Most toxicological studies look at concentrations that have lethal effects on species, he says. "The Relyea study lets us know that we may be missing serious impacts."
Lauding the study as "unique" because of its investigation of a complex cascade set off by malathion, ecotoxicologist Christine Bishop of Environment Canada's Science and Technology Branch notes that studies such as these are not easy to do. They require huge and complicated experimental setups, she says. But, the results do point out the need to examine the impacts of pesticides on communities rather than on individual species, she adds.
